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Motivation and Goals 
First main goal of DECODE is to assess the relevance of 
the degradation processes of polymer electrolyte fuel 
cell based on the extensive analysis performed in 
DECODE 
 
Second goal is to identify and implement improvements 
for fuel cell durability based on: 
 Understanding of degradation processes 
 Improved materials 
 Improved operation conditions  
 
Third goal is the development of prediction tool for 
degradation based on modelling (different 
modelling approaches) 
DECODE
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Interactions of Work Packages 
DECODE
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Identification and Ranking of CCM  
Degradation Mechanisms 
Mechanism 
• Structural degradation  
Mechanical degradation 
of the membrane 
Loss of electrochemical 
activity at the cathode 
Loss of “electrochemical 
activity” at the anode  
• Chemical degradation 
Importance 
 
++++ 
 
+++ 
 
 
 
? 
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Mechanical + Chemical Stress: Edge Failure 
 
Degradation issues: 
 Gas X-over on the edges leads to chemical degradation 
 Mechanical shear stress during dynamic operation (membrane 
 expansion/shrinkage) 
 Membrane exposed to GDL fiber puncture 
 
Suitable edge/gasket designs will avoid these failure 
modes 
Simple gasket design: 
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Stabilized AquivionTM Membrane 
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Accelerated aging test for membranes 
DECODE
Degradation Workshop, Thessaloniki, 21 September 2011 
Page 8 
Stabilized AquivionTM Membrane 
DECODE
Experimental MEA made by CEA using  
unstabilized AQUIVION membrane  
without edge protection (2009) 
Experimental MEA made by CEA using  
reinforced AQUIVION membrane  
with edge protection (2010) 
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Ageing of MEAs in single cell 
• Ageing test of DECODE CCB MEA (E87-05S + sub-gaskets) + Segmented-cell (DLR)  
 Constant load i = 676 mA.cm-2 
 
 
DECODE
Folie 6 > DECODE > Reissner
Stuttgart 28.01.2011
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 Possible recovery strategy 
for flooded electrodes:  
10min OCV operation 
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Dynamic Test of Membrane and Electrodes 
Results with ELAT electrodes (SLX) – E87-05S edge protected 
• Dry DECODE conditions 
DECODE
 Evidence of better mechanical stability with increased membrane 
crystallinity & edge protection 
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Electrode Characterization  
• TEM observations (CEA) 
 Active layers degradation: after cycling and membrane damaged 
DECODE
Air inlet 
Air outlet 
H2 outlet 
H2 inlet 
Cathode side: more degradation 
Fresh MEA
6,3 nm
XRD : 6,3 nmXRD : 3 nm
 Pt particles growth by 
Ostwald ripening at air 
outlet 
 C corrosion and massive 
Pt dissolution + reduction in 
AL or membrane at air inlet 
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Characterization: Conductive AFM 
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Solexis E87-05S 
Comparison baseline after 24 h and after 20000 h stationary Operation 
left:  right: 
reference outlet baseline, 24 h 20000 h stationary operation 
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Other Methods in DECODE: 
• EIS, CV, LSV 
• Raman spectroscopy 
• XPS 
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Identification and Ranking of GDL  
Degradation Mechanisms 
Mechanism 
• Chemical degradation 
Loss of hydrophobicity 
Carbon / structure corrosion 
• Structural degradation 
Change in (gas phase) 
transport parameters 
Change in wetting behaviour 
Importance 
++++ 
++++ 
+++ 
 
Observed, but influence on 
performance limited 
DECODE
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Chemical Degradation of Electrodes and GDL 
DECODE
Loss of hydrophobicity 
 Partial decomposition of PTFE identified by XPS 
 PTFE decomposition mainly on the anode  
 Decrease of hydrophobicity 
 Changed water balance 
 Reversible loss of performance 
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Chemical Degradation - Carbon Corrosion 
OHCOOHC 2222 22 
23323 )(HCOCaCOHCaCO 
OHCaCOCOOHCa 2322)( 
Chemical reactions: 
• Carbon corrosion could be detected  
• No fluoride was found -> No PTFE 
decomposition for this chemical 
degradation experiment 
• Mass loss study for quantification 
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In DECODE: 
Comparison of naturally aged and 
artifically aged GDLs! 
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Hydrohead Measurements for Testing 
Hydrophobicity 
DECODE
GDL type 
∆p 
(mbar) 
New GDL 25BC 
86.3 ± 
3.0 
Naturally aged GDL 
25BC for 1000h 
70.1 ± 
6.2 
Artificially aged GDL 
25BC for 24h in H202 
76.2 ± 
4.8 
Modified new GDL 25BC  
78.9 ± 
5.3 
Modified artificially aged 
GDL 25BC for 24h in 
H202 
79.4 ± 
2.1 
New GDL 25BA 
15.7 ± 
1.2 
hgp fluid  
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Other Characterization methods: 
• Mercury porosimetry 
• Capillary flow porosimetry 
• EDX mappings 
• Contact angle 
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IR Spectroscopy 
Inhomogenity in the Intensity of the C-F Vibration 
DECODE
Recommendation: Improve homogeneity of hydrophobic agent distribution 
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Artificial and natural ageing 
In Situ Single Cell Tests (SGL) 
DECODE
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Short Stack Long Term Test –  
Temperature Cycling Test 
DECODE
DECODE 25– Voltage time chart over 700 h 
º Very low degradation of cells with modified GDLs compared to cells with 
standard GDLs 
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Identification and Ranking of  
Bipolar Plate Degradation Mechanisms 
Mechanism 
• Contamination of the Ionomer from 
external sources via port region 
• Change of contact resistance 
• Water accumulation in areas of low 
flow and low pressure difference 
• Potential MEA contamination from 
the plates 
• Release of silicon from the seal 
material 
Importance 
++++ 
 
++++ 
++ 
 
+ 
 
? 
DECODE
Corrosion products 
degradation products (AISI316L) degradation products (composite) 
Total sum of metallic cations in the stack 
 
968 ppm  
Total sum of metallic cations in the stack 
 
1172 ppm  
comparable metallic contamination of both materials – can this be possible? 
Corrosion products: nickel, iron, chromium 
Fe 
Ni 
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Distribution of contaminants 
peaks are allocated to the coolant inlet and coolant outlet region 
direct contact of the ionomer to the medias trough the port cut-outs 
design proposal elaborated to avoid  
this contamination  
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DECODE - Stack Contaminations 
  Contamination of the ionomer from external sources via port 
region 
•  Step one introduce Solvicore 5 Layer MEA (Membrane   
 Solexis, Catalyst, Sub gasket, Membrane extended to the  
 edge of the bipolar plate 
•  Step two change of MEA design to Ionomer free Sub gasket,  
 Port area 
DECODE
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Stack Tests with Improved Stack Design 
• Durability run with AISI316L blank 
and new MEA with old configuration – 
at DANA 
• Durability run with AISI316L blank 
and new MEA with new configuration 
– at DANA 
• Durability run with conductive coating 
and new MEA configuration 
• Durability run with modified 
conductive coating, new MEA design 
and further developed conditions 
Conclusions of WP6 durability runs:  
• Comparable behavior between new and old MEA configuration 
• Higher cell voltage with conductive coating, irregular cell behavior 
• Modified coating and further developed conditions with excellent performance results 
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Contaminations in MEA  
Corrosion products: nickel, iron, chromium 
DECODE 15 (AISI316L bipolar plates) 
 
60µV/h 
DECODE 24 (AISI316L bipolar plates 
with organic coating, new MEA 
Design and new operating conditions) 
0µV/h 
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Modelling and Lifetime Prediction 
DECODE
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Modelling and Lifetime Prediction 
DECODE
Modelling activities and results 
 
Porous media: 
• Molecular Dynamics 
• Lattice Boltzmann 
• Monte-Carlo 
• Performance modelling 
 
Bipolar Plates: 
• CFD 
• Movement of droplets by 
VOF (volume of fluid) 
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Membrane and Electrodes:   
• Multiscale elementary kinetics simulation with coupling to 
microscopical structure 
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Summary 
• Improvement achieved by materials: 
Reinforced membrane with higher crystalinity  
Modified gas diffusion layer 
 
• Improvement achieved by design: 
Edge protection of membrane 
Blocking of external contermination by new sealing concept 
  
• Improvement achieved by operation conditions: 
Avoiding liquid water phase 
Excursion to open circuit conditions to recover reversible voltage 
losses 
 
• Different models with life time prediction capability 
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ATTENTION 
DECODE 
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Cathode side 
Anode side 
inner side 
outer side 
outer side 
inner side 
Division of membrane in 2 layers of 15 μm 
after storage in water 
Height 
DMT 
Height 
Phase 
Platinum particles with high 
phase shift and high DMT 
modulus (~elasticity) at inner 
side of anode with mean 
diameter of 21 nm 
(11 nm - 44 nm) 
40 nm 
20 nm 
Phase 
Height 
DMT 
Height profile 
Ov rall high density of 
particles with small phase 
shift: probably no Pt 
AFM Analysis of Solexis E87-05S, 20000 h 
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